The CLSA data used in our study is third-party data. The CLSA data are available from the Canadian Longitudinal Study on Aging ([www.clsa-elcv.ca](http://www.clsa-elcv.ca)) for researchers who meet the criteria for access to de-identified CLSA data. We had no special access privileges to the data and other researchers will be able to access the data in the same manner as the authors. The specific data application requirements and process can be found at <https://www.clsa-elcv.ca/data-access/data-access-application-process>. Please email <access@clsa-elcv.ca> to request a Magnolia user account and other information on CLSA data application.

Introduction {#sec005}
============

The prevalence of people with health problems, especially chronic conditions, increases with age \[[@pone.0235774.ref001]\]. In 2018, middle-aged (45 to 64 years) and older adults (≥65 years) made up 27.4% and 17.1% of the Canadian population, respectively \[[@pone.0235774.ref002]\]. Health problems not only lead to higher utilization of health care services such as physician visits, emergency department visits, and hospitalization but also increase the need of at-home care \[[@pone.0235774.ref003]\]. In 2018, approximately 10% (\~3 millions) of Canadians aged 15 years and older received some form of at-home care, and 39% of care receivers were 65 years or older \[[@pone.0235774.ref004]\].

An aging population with chronic conditions could increase the need for both formal and informal care, where formal care refers to the assistance (including personal care, medical care, managing care, housework, transportation, and meal preparation) received at home from professionals or paid workers and informal care refers to the assistance received from family, friends, or neighbours \[[@pone.0235774.ref005]\]. In Canada, about 44% of care receivers received informal care only, 12% relied on formal care only, and the remaining received both formal and informal care \[[@pone.0235774.ref006]\]. Both formal and informal care contribute significantly to the healthcare system as this enables care receivers with health conditions, disabilities, or age-related needs to remain at home, thus reducing the need for other health care service utilization such as nursing home, hospital care and physician visits \[[@pone.0235774.ref007]--[@pone.0235774.ref009]\]. Although informal care could reduce the direct expenditure from the health sector perspective, the indirect costs incurred by informal caregivers can also be large from a societal perspective. It is important for policy makers to understand the demand for formal and informal care by different chronic conditions as this can help inform the allocation of resources to meet the increasing demands of an aging population.

Many studies have focused on estimating the time of formal/informal care received by people with one specific chronic condition including dementia \[[@pone.0235774.ref010]\], multiple sclerosis \[[@pone.0235774.ref011]\], cancer \[[@pone.0235774.ref012],[@pone.0235774.ref013]\], depression \[[@pone.0235774.ref014]\], cardiovascular disease, and diabetes \[[@pone.0235774.ref015]\]. Due to differing settings and population characteristics, however, the time estimates reported by published studies vary widely and may not be comparable across different chronic conditions. Moreover, few studies have compared the use of formal and informal care across different diseases. They either simply rank the diseases by the frequencies reported as the main reason requiring formal/informal care \[[@pone.0235774.ref006],[@pone.0235774.ref016],[@pone.0235774.ref017]\], or attribute the total reported formal/informal care time to a disease if it was identified as the main reason for care by care recipients \[[@pone.0235774.ref003]\]. Older adults are often more likely to have multimorbidities and it may be difficult to attribute the formal or informal care received to each specific disease.

Gender differences and inequalities have been observed in previous studies. In addition to gender-specific health conditions, women are more likely to suffer from age-related health conditions due to their longer life expectancies \[[@pone.0235774.ref001]\]. The provision of home care especially informal care is widely feminized \[[@pone.0235774.ref018]\]. However, fewer studies have explored gender differences in terms of care receiving and the findings are mixed depending on study population \[[@pone.0235774.ref004],[@pone.0235774.ref006],[@pone.0235774.ref019],[@pone.0235774.ref020]\]. Our study seeks to assess and compare the extent to which the use of formal and informal care is attributed to different chronic conditions among middle-aged and older women and men in Canada.

Materials and methods {#sec006}
=====================

Study population {#sec007}
----------------

Our study population consists of all respondents who participated in the Canadian Longitudinal Study on Aging (CLSA) at baseline. The CLSA is one of the largest and most comprehensive research platforms examining health and aging \[[@pone.0235774.ref021]--[@pone.0235774.ref023]\]. Baseline CLSA includes 51,338 participants who were community-living women and men, aged 45 to 85 years, able to read and speak English or French, and living in one of the ten Canadian provinces at time of recruitment \[[@pone.0235774.ref021]--[@pone.0235774.ref023]\]. The CLSA has two categories of participants: "Tracking" participants who were followed by telephone interview only and were randomly selected within an age/sex strata from all ten Canadian provinces (n = 21,241), and "Comprehensive" participants who were followed via in-home interviews, onsite physical examinations, and biological specimen collection (n = 30,097). Comprehensive participants were randomly selected within an age/sex strata from within 25 to 50 km of 11 sites across seven Canadian provinces \[[@pone.0235774.ref021]--[@pone.0235774.ref023]\]. Baseline participants were recruited in 2011 to 2015 via four sources: Canadian Community Health Survey--Healthy Aging (for CLSA Tracking only), Provincial Health Registries, Telephone Sampling-Random Digit Dialing, and Quebec Longitudinal Study on Nutrition and Aging (for CLSA Comprehensive only). Exclusion criteria included persons living on First Nations reserves or settlements, full-time members of the Canadian Armed Forces, institutionalized individuals, and cognitively impaired persons unable to provide informed consent at the time of recruitment. Baseline CLSA data was collected between September 2011 and May 2015 and included information on demographics, lifestyle, behaviour, and social, physical, psychological, and health status. Our study was approved by the University of British Columbia-Providence Health Care Research Ethics Board (Ethics Certificate No. H18-01588) and was a secondary use of the CLSA data.

Measures {#sec008}
--------

We considered two outcome variables: total number of informal care hours received during the past 12 months and total number of formal care hours received during the past 12 months. We derived the first outcome by multiplying the numerical responses to the following two questions: 1) "During the past 12 months, about how many weeks did this person/these people provide you with such assistance? Include assistance from all family members, friends and neighbours in your estimate."; and 2) "How many hours per week, on average, did this person/these people provide you with assistance?" \[[@pone.0235774.ref005]\]. The number of hours spent on formal care was similarly calculated by multiplying the number of weeks the main professional person or organization helped the respondent by average hours per week. According to the CLSA questionnaire, the assistance for both informal care and formal care included "personal care (such as assistance with eating, dressing, bathing, or toileting), medical care (such as help taking medicine or help with nursing care, for example, dressing change or foot care), managing care (such as making appointments), help with activities (such as housework, home maintenance, or outdoor work), transportation (such as trips to the doctors or for shopping), and meal preparation or delivery" \[[@pone.0235774.ref005]\].

The key explanatory variables consisted of the different chronic conditions. In the CLSA, chronic conditions refer to "long-term conditions \[that\] are expected to last, or have already lasted 6 months or more and that have been diagnosed by a health professional". The CLSA includes a comprehensive list of chronic conditions ([S1 Table](#pone.0235774.s001){ref-type="supplementary-material"}). We first grouped these conditions according to classification frameworks used by Griffith et al. \[[@pone.0235774.ref024]\], the CLSA questionnaires \[[@pone.0235774.ref005]\], and the CLSA DataPreview Portal based on ICD-10 \[[@pone.0235774.ref025]\]. Secondly, we selected the chronic conditions with a large number of total number of hours of formal and informal care (\> 120 hours) and considered them as a stand-along classification ([S2 Table](#pone.0235774.s002){ref-type="supplementary-material"}). Thirdly, we compared the total number of hours of formal and informal care received by each chronic condition within each classification. If the total number of hours for a particular condition differed greatly (over ± 30 hours) from the mean total number of hours among all conditions within a classification, we excluded that condition from the classification and considered it as a stand-alone classification. We finally ensured the exclusions were consistent among men and women ([S3 Table](#pone.0235774.s003){ref-type="supplementary-material"}) and checked whether for each final classification, the number of women or men who received formal care and informal care were greater than 5, respectively. Each final classification was coded as a dummy variable if a study participant reported having any one chronic condition within a specific classification.

Although CLSA asked a question about sex (female versus male), we explained it as gender (women versus men). The study population was stratified by gender to incorporate the gender differences. We considered other characteristics associated with formal and informal care received and the presence of chronic conditions as potential confounders. Confounders consisted of: (i) demographic characteristics including age as a categorical variable (45--54, 55--64, 65--74, and 75+ years), and marital status (currently married or common law versus windowed, divorced, separated, or never married); (ii) socioeconomic status including household income as a categorical variable (\<\$20,000, \$20,000-\$49,999, \$50,000-\$99,999, \$100,000-\$149,999, ≥\$150,000, Don\'t know/No answer/Refused), number of people living in a household (excluding the participant), own dwelling (yes versus no), and highest education attainment (less than secondary school graduation, secondary school graduation, some post-secondary, post-secondary graduation); (iii) health and lifestyle factors including body mass index classification \[underweight/normal weight (\<25 kg/m2), overweight (25--30 kg/m2), obese (\>30 kg/m2)\], type of smoker (never smoked, former smoker, and current smoker), and type of drinker in the past 12 months \[not a drinker (did not drink in the last 12 months), occasional drinker, regular drinker (at least once a month)\].

Statistical analysis {#sec009}
--------------------

The study sample included all subjects who provided valid responses to the questions related to the main outcomes, chronic conditions, and all potential confounders. Since the number of formal/informal care hours had a highly skewed distribution with a lot of zeros, we used a two-part model consisting of a logistic regression for the probability of receiving formal/informal care (part one) and a generalized linear model for the hours of formal/informal care among those who received formal/informal care in the past year (part two). We constructed the regression models by including dummy variables representing each of the chronic condition classifications simultaneously as well as all the potential confounders. Gamma or log-normal distributions for part two were determined using the Akaike information criterion (AIC). The parameters of the two parts were estimated simultaneously using the maximum likelihood method.

As suggested by CLSA \[[@pone.0235774.ref023]\], we used pooled (trimmed) inflation weights and geographic strata variables for descriptive statistics, and used analytic weights while including age, gender, and the interaction of provinces and the indication of two categories of CLSA participants (tracking and comprehensive) in all regression models. We conducted the analyses among all study population and then stratified by gender. We performed all analyses using SAS version 9.4 (SAS Institute, Cary, NC, USA).

Average marginal effects {#sec010}
------------------------

The overall expected hours of formal/informal care received was the product of the estimated probability of receiving formal/informal care and the estimated mean of formal/informal care hours among those who received formal/informal care based on the model parameters, respectively. For example, the average marginal effect of a particular chronic condition on the overall number of informal care hours or the average incremental informal care hours attributable to the particular chronic condition was derived by comparing the overall expected hours of informal care between two assumed populations (one assuming that all the study samples had the chronic condition and the other assuming that all the study samples did not have the chronic condition) while keeping all other conditions and characteristics unchanged. Detailed calculation steps are presented in [S1 File](#pone.0235774.s008){ref-type="supplementary-material"}.

Results {#sec011}
=======

Chronic condition classification {#sec012}
--------------------------------

The 36 chronic conditions included in the CLSA were first classified into 10 classifications ([S1 Table](#pone.0235774.s001){ref-type="supplementary-material"}). The total number of hours of formal and informal care received across the chronic conditions within each of the 10 classifications was then compared. Hypertension, stroke, multiple sclerosis, Parkinsonism, memory problems, dementia, and bowel incontinence were considered separate classifications because their total hours of formal/informal care received were either very large (\> 120 hours) or different from that of other conditions in their respective classification categories ([S2 Table](#pone.0235774.s002){ref-type="supplementary-material"}). However, there were only 5 women with dementia who received formal care and the sample size was too small for us to include it as a dummy variable in regression analyses. Since people with dementia received a higher number of hours of formal and informal care, they should not be combined with either other conditions or the reference group. Thus, we decided to exclude them from our study population. The final number of chronic condition classifications was 16 for both women and men ([S3 Table](#pone.0235774.s003){ref-type="supplementary-material"}).

Study sample and characteristics {#sec013}
--------------------------------

Respondents were excluded if there were missing responses to hours of formal/informal care received (n = 395) and final chronic condition classifications (n = 2,835). The respondents with dementia (n = 87) and missing information on all potential confounders (n = 1,912) were further excluded. The final analytic sample of 46,109 respondents (23,206 women and 22,903 men) represented 12,113,952 Canadians aged 45 to 85 years. The average age of women was 60.2 years old and that of men was 59.9 years old. In terms of care received, 2.1% of women (1.7% of men) received formal care only, 10.5% (7.0%) received informal care only, and 3.0% (1.9%) received both formal and informal care in the past 12 months ([Table 1](#pone.0235774.t001){ref-type="table"} and [S4 Table](#pone.0235774.s004){ref-type="supplementary-material"}). The difference between women and men were statistically significant (p\<0.001, [S4 Table](#pone.0235774.s004){ref-type="supplementary-material"}). Compared with men, women received larger number of formal care hours (7.13 hours \[standard error (SE) = 1.77\] for women versus 4.30 hours (SE = 0.74) for men; p = 0.142) and informal care hours (31.35 hours (SE = 2.43) versus 17.34 hours (SE = 3.51); p = 0.009) in the past 12 months. Approximately 85.6% (88.4% or 82.7%) of the study population (women or men) had at least one chronic condition. The prevalence of chronic condition classifications was different between women and men but their three most prevalent chronic condition classifications were the same (musculoskeletal system diseases, hypertension, and endocrine/metabolic system diseases).

10.1371/journal.pone.0235774.t001

###### Characteristics of study population.

![](pone.0235774.t001){#pone.0235774.t001g}

  Characteristics                                                   All              Women            Men
  ----------------------------------------------------------------- ---------------- ---------------- ----------------
  Age (years)                                                       60.09 (0.07)     60.24 (0.10)     59.92 (0.10)
      45--54                                                        12404 (38.3%)    6367 (37.7%)     6037 (39.0%)
      55--64                                                        14984 (31.2%)    7673 (31.1%)     7311 (31.3%)
      65--74                                                        10645 (18.8%)    5269 (18.8%)     5376 (18.9%)
      75+                                                           8076 (11.6%)     3897 (12.5%)     4179 (10.8%)
  Care received                                                                                       
      No home care received                                         39935 (86.9%)    19507 (84.4%)    20428 (89.5%)
      Formal home care only                                         1032 (1.9%)      587 (2.1%)       445 (1.7%)
      Informal home care only                                       4046 (8.8%)      2427 (10.5%)     1619 (7.0%)
      Both formal and informal home care                            1096 (2.4%)      685 (3.0%)       411 (1.9%)
  Number of formal care hours among the entire population           5.74 (0.97)      7.13 (1.77)      4.30 (0.74)
      Number of formal care hours among those who received care     132.03 (21.84)   139.78 (34.02)   120.63 (20.10)
  Number of informal care hours among the entire population         24.44 (2.68)     31.35 (4.02)     17.34 (3.51)
      Number of informal care hours among those who received care   218.75 (23.30)   232.95 (28.98)   196.49 (38.91)
  Chronic condition classification                                                                    
      Bowel incontinence                                            896 (1.8%)       586 (2.3%)       310 (1.3%)
      Cancer                                                        7020 (13.1%)     3612 (14.1%)     3408 (11.9%)
      Cardiac                                                       8751 (16.8%)     3724 (14.9%)     5027 (18.7%)
      Endocrine/Metabolic                                           12895 (24.7%)    7373 (28.7%)     5522 (20.6%)
      Gastrointestinal                                              6940 (13.7%)     4071 (15.8%)     2869 (11.6%)
      Genitourinary                                                 4790 (9.5%)      3117 (12.6%)     1673 (6.3%)
      Hypertension                                                  16993 (33.6%)    8099 (32.4%)     8894 (35.0%)
      Memory problems                                               734 (1.7%)       353 (1.6%)       381 (1.7%)
      Mental                                                        8932 (19.2%)     5580 (23.5%)     3352 (14.8%)
      Multiple sclerosis                                            278 (0.6%)       200 (0.8%)       78 (0.3%)
      Musculoskeletal                                               24503 (50.4%)    13719 (55.6%)    10784 (45.1%)
      Neurological                                                  6368 (14.7%)     4603 (20.9%)     1765 (8.3%)
      Ophthalmologic                                                13781 (23.1%)    7514 (26.4%)     6267 (19.8%)
      Parkinsonism                                                  171 (0.3%)       58 (0.2%)        113 (0.5%)
      Respiratory                                                   7436 (15.1%)     4221 (16.7%)     3215 (13.4%)
      Stroke                                                        743 (1.5%)       299 (1.1%)       444 (1.8%)

^a^SE indicates standard error.

Reported mean, SE, and % were estimated using the pooled (trimmed) inflation weights and the geographic strata variables.

Chronic conditions and formal/informal care hours {#sec014}
-------------------------------------------------

The unadjusted relationships between different chronic conditions and formal/informal care are presented in [S5 Table](#pone.0235774.s005){ref-type="supplementary-material"}. Adjusting for all study sample characteristics, all chronic conditions except hypertension and neurological diseases were associated with a statistically significant (p\<0.05) increase in the odds of receiving formal care and all conditions except neurological diseases were associated with an increase in the odds of receiving informal care among women (Figs [1](#pone.0235774.g001){ref-type="fig"} and [2](#pone.0235774.g002){ref-type="fig"}). A log-normal distribution for the generalized linear model was used to estimate the relationship between chronic conditions and the hours of formal/informal care among those who received care as it was preferred over a Gamma distribution based on AIC. Among women who received formal care, memory problems, multiple sclerosis, musculoskeletal diseases, and stroke were significantly associated with an increase in the hours of formal care received but cancer was associated with a decrease in the hours of formal care received. Cancer, memory problems, mental diseases, multiple sclerosis, musculoskeletal diseases, neurological diseases and stroke were significantly associated with an increase in the hours of informal care among women who received informal care.

![Odds ratio of receiving formal care and ratio of expected hours among women receiving care.\
Odds ratios \[95% confidence interval (CI)\] estimated using logistic regression. Ratio of expected hours (95% CI) estimated using generalized linear model with a log-normal distribution among those who received formal care, respectively. All study sample characteristics were adjusted. \*Odds ratio and 95% CI not shown because they are out of range.](pone.0235774.g001){#pone.0235774.g001}

![Odds ratio of receiving informal care and ratio of expected hours among women receiving care.\
Odds ratios \[95% confidence interval (CI)\] estimated using logistic regression. Ratio of expected hours (95% CI) estimated using generalized linear model with a log-normal distribution among those who received informal care, respectively. All study sample characteristics were adjusted.](pone.0235774.g002){#pone.0235774.g002}

Slightly differently, all chronic conditions except gastrointestinal diseases and neurological diseases were associated with a statistically significant increase in the odds of receiving formal care and all conditions except bowel incontinence and neurological diseases were associated with an increase in the odds of receiving informal care among men (Figs [3](#pone.0235774.g003){ref-type="fig"} and [4](#pone.0235774.g004){ref-type="fig"}). Among men who received formal care, memory problems, multiple sclerosis, neurological diseases, and stroke were significantly associated with an increase in the hours of formal care received. Cardiac diseases, genitourinary diseases, hypertension, memory problems, mental diseases, multiple sclerosis, Parkinsonism, respiratory diseases and stroke were significantly associated with an increase in the hours of informal care among men who received informal care.

![Odds ratio of receiving formal care and ratio of expected hours among men receiving care.\
Odds ratios \[95% confidence interval (CI)\] estimated using logistic regression. Ratio of expected hours (95% CI) estimated using generalized linear model with a log-normal distribution among those who received formal care, respectively. All study sample characteristics were adjusted. \*Odds ratio and 95% CI not shown because they are out of range.](pone.0235774.g003){#pone.0235774.g003}

![Odds ratio of receiving informal care and ratio of expected hours among men receiving care.\
Odds ratios \[95% confidence interval (CI)\] estimated using logistic regression. Ratio of expected hours (95% CI) estimated using generalized linear model with a log-normal distribution among those who received informal care, respectively. All study sample characteristics were adjusted. \*Odds ratio and 95% CI not shown because they are out of range.](pone.0235774.g004){#pone.0235774.g004}

Multiple sclerosis, Parkinsonism and memory problems were the three conditions with the greatest associations with the odds of receiving formal/informal care among women and men, and the hours of informal care among men who received informal care. Multiple sclerosis, memory problems and stroke were the three conditions with the greatest association with the hours of formal/informal care among women receiving formal/informal care and the hours of formal care among men receiving formal care. For example, after controlling for all other conditions and covariates, the odds of receiving formal or informal care for women with multiple sclerosis were 1.49 or 1.34 times more than those for women without multiple sclerosis, respectively. Among men, the numbers were larger (3.90 or 6.55, respectively). Among those receiving formal/informal care, women with multiple sclerosis received 6.47 or 2.35 times as many hours of formal/informal care as women without multiple sclerosis after adjusting for all other conditions and covariates. Among men, the corresponding numbers were also larger (18.86 or 3.71 times). Overall, after adjusting for all chronic conditions and other covariates, women were more likely to receive formal care (odds ratio = 1.11 (95% confidence interval: 1.00, 1.23)) and informal care (odds ratio = 1.33 (1.25, 1.42)), and received more formal care hours (hours ratio = 1.20 (1.03, 1.41)) and informal care hours (hours ratio = 1.41 (1.27, 1.57)) among those who received care than men ([S6 Table](#pone.0235774.s006){ref-type="supplementary-material"}).

Average marginal effects {#sec015}
------------------------

Consistently, multiple sclerosis, memory problems, Parkinsonism, and stroke had the greatest average marginal effects on overall hours of formal care among women (53.07, 13.95, 9.13 and 8.14 incremental hours annually, respectively) as well as among men (152.17, 8.13, 13.95 and 6.00 incremental hours annually) ([Fig 5](#pone.0235774.g005){ref-type="fig"} and [S7 Table](#pone.0235774.s007){ref-type="supplementary-material"}). Similarly, the average marginal effects of these four conditions on informal care were the greatest (77.78, 29.52, 26.18 and 34.95 incremental hours for women and 133.94, 34.99, 104.86 and 17.85 incremental hours for men annually, respectively). However, the magnitudes of average marginal effects were different between women and men, especially the average marginal effect of multiple sclerosis on both formal and informal care and the average marginal effect of Parkinsonism and stroke on informal care.

![Incremental number of hours of formal care and informal care.\
Average incremental number of hours for each condition was estimated by taking the difference between overall expected hours (assuming all study samples had this specific condition) and overall expected hours (assuming all study samples did not have this specific condition), keeping all other conditions and characteristics unchanged.](pone.0235774.g005){#pone.0235774.g005}

Discussion {#sec016}
==========

We first categorized chronic conditions by disease systems and hours of formal/informal care received and then measured the incremental effect of each chronic condition classification on formal and informal care separately, in a Canadian middle-aged and older population stratified by gender. Results show that multiple sclerosis, Parkinsonism, memory problems, and stroke were the chronic conditions requiring the most formal and informal care among both women and men. Although women overall received more formal and informal care than men, the incremental impact magnitudes of certain chronic conditions (e.g., multiple sclerosis and Parkinsonism) on formal and informal care received by men could be larger than women.

Very few population-based studies have measured and compared the need for formal and informal care by different chronic conditions. According to a report by Statistics Canada, mental illness, accident-related injuries, aging needs, cardiovascular disease, arthritis, and cancer were the most common reasons for at-home care among Canadians aged 15 and older, and Alzheimer's disease or dementia received the most hours of care \[[@pone.0235774.ref006]\]. According to a report by the National Alliance for Caregiving and the AARP Public Policy Institute \[[@pone.0235774.ref016]\], the main presenting problems or illnesses among informal care recipients 50 years and older in the US were aging, Alzheimer's disease or dementia, mobility issues, surgery and wounds, cancer, and heart disease. The top conditions or illnesses requiring higher caregiver hours were aging, Alzheimer's disease or dementia, and cancer \[[@pone.0235774.ref016]\]. In our study, we also found that Alzheimer's disease or dementia (excluded due to small sample size) and cancer required a large number of informal care hours although they were not the conditions that needed the most care. However, the two reports directly asked care recipients and informal caregivers to report main problems or illnesses that required care for a limited number of conditions and illnesses. Our study improves upon this by comparing more chronic conditions and the association between such conditions and the actual hours of formal and informal care received by care recipients.

In addition, a few previous studies have investigated gender differences in the receipt of formal and informal care and the findings are not consistent. Katz et al. found that women (aged 70 years or older) with disability received more hours of formal care per week but fewer hours of informal care than men in the United States \[[@pone.0235774.ref019]\]. Jang and Kawachi showed that older women with disability were more likely to receive formal or informal care than men but among those who received care, men received higher average days of care per month than women in Korea \[[@pone.0235774.ref020]\]. In Canada, women aged 45 years and older were more like to receive care at home than men in 2012 \[[@pone.0235774.ref006]\] and 2018 \[[@pone.0235774.ref004]\]. Our study results were consistent with previous findings in Canada and showed that women received more formal care hours and informal care hours than men.

Our study has several limitations. First, the CLSA survey excluded cognitively impaired adults and thus the time of formal and informal care received is underestimated. This also resulted in very few survey participants with dementia who reported receiving formal and informal care and stopped us from including dementia as one condition in our final analyses. Our study population only represents the middle-aged and older adults without cognitive impairment and dementia in Canada. Second, the time of formal care received only captures the help from a professional person or organization that dedicated the most time and resources to helping the respondent. The time of informal care, on the other hand, captured the help from all people who provided assistance to the respondent. Thus, the hours of formal care may be underestimated and the hours of formal and informal care received are not comparable. However, this does not limit the ability to compare the need for formal care across different chronic conditions. Third, another limitation is the non-specific nature of some of the chronic conditions captured in the CLSA, resulting in a lack of sufficient information required for formal/informal care estimates. For example, CLSA does not distinguish between specific types of cancer. For such a heterogeneous group of diseases, our results may not be generalizable to the formal/informal care needed by specific cancer types. Fourth, there might be memory bias when asking about the care time (in terms of the number of weeks and the average number of hours per week) received during the previous 12 months, in which the care needs may have been highly variable. Lastly, it is worth noticing that our study reflected the care time received by the care receivers, which could be different from the time spent on caregiving from the caregivers' perspective.

Our study has important policy implications, as it is essential for policy makers to recognize the demand for formal and informal care by gender in an aging population. Our study findings can help to prioritize resource allocation for chronic conditions by gender while addressing the increasing demand for formal and informal care in aging populations. However, our study findings could not provide clear suggestions on resource allocation between formal home care and informal care, which partially depends on whether their relationship is substitution (funding one type of care to replace the other) or complementary (funding both). The findings from previous studies on the relationship between informal care and formal home care are not consistent \[[@pone.0235774.ref026],[@pone.0235774.ref027]\]. In our study, the four conditions, multiple sclerosis, memory problems, Parkinsonism, and stroke, have consistently been associated with more formal care and more informal care among both women and men, which might suggest a complementary relationship between formal and informal care. A future study is required to further investigate the relationship and whether the relationship varies by chronic conditions or functional impairment level. In addition, our study provides data that can be used to evaluate the potential cost savings when implementing chronic disease management programs from a societal perspective and can project future demand for formal and informal care.

Conclusions {#sec017}
===========

In conclusion, chronic conditions, especially multiple sclerosis, Parkinsonism, memory problems, and stroke, are associated with substantial time of formal and informal care in middle-aged and older women and men. Study findings will help decision-makers assess the potential impact of chronic disease prevention and management programs in an aging population as well as their societal value.

Supporting information {#sec018}
======================

###### Chronic condition classification based on different methods (step one).

^a^CLSA indicates Canadian Longitudinal Study on Aging.

(DOCX)

###### 

Click here for additional data file.

###### Chronic condition classification by comparing the total number of hours of formal and informal care among chronic conditions.

Bolded text indicates a chronic condition that was considered as a stand-alone classification.

(DOCX)

###### 

Click here for additional data file.

###### Final chronic condition classification.

Bolded text indicates a chronic condition that was considered as a stand-alone classification.

(DOCX)

###### 

Click here for additional data file.

###### Full characteristics of study population.

^a^SE indicates standard error. ^b^Independent samples *t* test for continuous variables; Chi-squared test for categorical variables. Reported mean, SE, and % were estimated using the pooled (trimmed) inflation weights and the geographic strata variables.

(DOCX)

###### 

Click here for additional data file.

###### Formal care and informal care by chronic conditions.

(DOCX)

###### 

Click here for additional data file.

###### Odds ratio of receiving formal/informal care and ratio of expected hours among all study population who received formal/informal care.

\*p value \< 0.05.

(DOCX)

###### 

Click here for additional data file.

###### Incremental number of hours of formal care and informal care by chronic conditions.

^a^Average overall expected number of hours assuming all study samples were with a specific condition while keeping all other conditions and characteristics unchanged; ^b^Average overall expected number of hours assuming all study samples without a specific condition while keeping all other conditions and characteristics unchanged; ^c^The difference between a and b is the average incremental hours for the specific condition.

(DOCX)

###### 

Click here for additional data file.

###### Detailed calculation steps for average marginal effects.

(DOCX)

###### 

Click here for additional data file.
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Dear Dr. Zhang,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

First, I would like to thank you for your patience while this manuscript was under review. As you will see, we now have 2 reviews of your manuscript. Overall, both are positive and both reviewers remarked on the potential contribution of this work. You will see, too, though, that both have made some suggestions for clarifications in the manuscript, in particular around the classifications of the chronic conditions and more enhanced discussion of some of the limitations (especially related to the study exclusions on dementia/cognitive impairment). You will also see that one of the reviewers has recommended that you incorporate a gender lens into the work given the overall gendered nature of care provision and differences between women and men in chronic condition profiles. This will require some re-analysis but I would strongly encourage you to consider this and at the very least, to provide more discussion of these issues throughout the manuscript.

We would appreciate receiving your revised manuscript by May 16 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Andrea Gruneir

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <https://journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <https://journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2.  We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. Please see <http://www.bmj.com/content/340/bmj.c181.long> for guidelines on how to de-identify and prepare clinical data for publication. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

3\. Your ethics statement must appear in the Methods section of your manuscript. If your ethics statement is written in any section besides the Methods, please move it to the Methods section and delete it from any other section. Please also ensure that your ethics statement is included in your manuscript, as the ethics section of your online submission will not be published alongside your manuscript.
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**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: I Don\'t Know

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Dear authors,

your manuscript is a significant contribution to the field of formal and informal at-home care. I do have only minor comments and questions:

1\. classification of chronic conditions: with reference to table S2 you describe that you exclude a particular chronic conditions from other conditions of the same class, if the estimated hours (of formal and informal) care differed greatly. This logic is hardly comprehensible. In case of your classification system in step one \"circulatory conditions\" you pick high blood pressure / hypertension and re-classify it finally as hypertension. Is it due to the fact that hypertension differs from the other conditions belonging to the same class, because of the low mean hours of at-home care? If this is the case, then you should have picked migraine headaches from the class of \"neurological conditions\" as well. You identify stroke/ CVA as a stand-alone conditions and exclude it from \"circulatory conditions\". The counterpart of this condition is osteoporosis within the class of \"musculoskeletal conditions\". Why did you not chose this conditions?

2\. statistical analysis: you applied a two-part model, which I consider a great idea. Part 2 of the model was a GLM either with a gamma or a log-normal distribution. These decisions depended on the vuong test, AIC, and BIC. Why did your decisions depend on all three criterion? The vuong test is based on the BIC. The AIC might prefer a higher amount of parameters in case of large samples as in your study. Thus, it is in my eyes unnecessary to rely on all of them, especially in cases they contradict easch other.

3\. incremental costs: you apply the same wages for informal care and formal/ professional care. Although you discuss this tricky point in your limitation section, I have to comment on it. You assume that you ensure the consistency between formal care and informal care using a replacement cost approach. This slightly contradicts your statement from the paragraph above, where you state that the hours of formal care may be underestimated and as a consequence the hours of formal and informal care are not comparable. I must admit that indirect costs (in this case productivity losses from a social perspective) are difficult to calculate, because it depends on the point of view. I request the authors to comment on the following two proposals: a.) calculate the indirect costs of informal care using a second approach and refer to it as supplementary material; b.) leave out the calculation of incremental costs, because it does not reinforce the meaning of the manuscript towards its policy implications.

Reviewer \#2: Thank you very much for the opportunity to review this interesting manuscript. This is an original and relatively new investigation on the time (and the derived cost) of formal and informal care received by people with various chronic conditions. The manuscript is well written and the language is clear and understandable. The methodology is appropriate and well executed, the results are well expressed and the conclusions are derived from them.

However, the manuscript requires some improvements that I detail below.

\- The title is not clear regarding the content of the study. Authors should specify that it is the informal and formal care received (and not provided) for adults with chronic conditions. As worded, it is confusing.

\- In the summary (as in the results section of the main text) it should be clearly specified over what period of time the hours of care received (and the corresponding cost) were calculated (annual? Weekly?). Likewise, better detail in the methods how the chronic conditions suffered have been classified.

\- In the introduction: reference 4 on data on the population receiving informal and / or formal care in Canada is from 2014, are there no more current data?

\- On the other hand, the importance of the study is justified on the grounds that home care reduces the need for other more expensive residential care options. This argument does not take into account the indirect costs incurred by informal caregivers who help patients at home, and responds to a model of caregiver as a resource that is widely discussed.

\- The manuscript does not incorporate a gender analysis, which is fundamental in the subject of home care, and informal care in particular, widely feminized. Likewise, suffering from chronic conditions and disability is more frequent in women, who also have a longer life expectancy. The manuscript should incorporate the differences and inequalities between women and men, from the introduction to the method of analysis (sex is considered as a simple adjustment variable, when it should be stratified by sex), the presentation of the data (the tables should to be presented stratified by sex), and in their discussion.

\- The methodology should specify which are the categories of formal services considered in the questionnaire, and which the categories for informal care are.

\- The authors would have to explain how they have analyzed the possible coexistence of different chronic conditions classified into different groups.

\- I consider it important, as I said before, that the data be analyzed and presented by sex. Likewise, in Table 1 the formal and informal care time received should be presented by age group.

\- As possible limitations, the following should also be discussed:

\- Possible limitation of excluding cognitively impaired persons from the study population (care time is underestimated)

\- Possible memory bias when asking about the care time received during the previous 12 months, in which the care needs may have been highly variable.

\- Possible differences with other studies that ask about the time dedicated to caregivers, instead of people who need care. The perception of time spent can be very different.

\- The authors should incorporate into the discussion some implications for the models of substitution or complementarity between formal and informal care.

\- Likewise, the implications for gender equality of the study results.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Andreas Hoell

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Dear Dr. Zhang,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Andrea Gruneir

Academic Editor

PLOS ONE
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Thank you for taking the time to address the reviewers\' comments so thoroughly and for your patience with the review process. Please be sure to do a thorough proofread of your manuscript and that you follow all of the CLSA\'s publication criteria.
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**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed
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2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes
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3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes
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4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes
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5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes
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6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The auhors revised their manuscript in a fashion that they come out with something new.

They meet all the comments of the reviewers and/ or give detailed explainations.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).
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Dear Dr. Zhang:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Andrea Gruneir

Academic Editor

PLOS ONE
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